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I use a simple model to parameterize mirror energy differences for several nuclei with N = 8 or 10 and
their mirrors with Z = 8 or 10. I then use the results of the ﬁt to predict the energy of the ground state
of the unbound nucleus 15Ne: E2p = 2.68(24) MeV.
© 2012 Elsevier B.V. Open access under CC BY license.The ground states of N = 10 nuclei 17N, 16C, and 15B are rea-
sonably well described as two neutrons in the sd shell, with angu-
lar momentum zero, coupled to pre-dominantly p-shell cores. The
mirrors of these nuclei all have Z = 10, and are thus all isotopes
of Ne. The situation for 18O/18Ne is only slightly more complicated,
with these two nuclei having some excitation out of the p-shell
core [1]. The (t, p) reaction on 14C [2] and 15N [3] demonstrated
the purity of the 16C and 17N ground states. In both cases, simple
(sd)2 shell-model (sm) calculations described quite well the (t, p)
results for several ﬁnal states [4,5]. For 18O, 17N, and 16C, the mir-
ror energy differences (MED’s) in 18Ne, 17Ne, and 16Ne agree with
those calculated [6–8] in a simple potential model with those wave
functions. I would like to extend this treatment to estimate the g.s.
mass of 15Ne—the mirror of 15B.
To broaden the data sample, I also consider the N = 8 nuclei
14C, 13B, and 12Be, whose mirrors are 14O, 13O, and 12O. Here, the
last two neutrons can occupy the sd- or p-shells. For 14C and 12Be,
the (t, p) reactions on 12C [9] and 10Be [10] have been used to es-
timate the p-shell/(sd)2 ratios. The 12Be–12O MED agrees well with
the calculation [11] using the wave function that is now in com-
mon use. The (sd)2 component in 14C(g.s.) is about 12%, whereas
in 12Be it is about 68%. A similar (t, p) analysis has not been done
for 13B/13O, but the (sd)2 occupancy almost certainly lies within
the range deﬁned by 14C and 12Be. We return to this point below.
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Open access under CC BY license.In all these nuclei, the MED is especially sensitive to the
amount of s2 in the wave function, which I call P (s2), normal-
ized such that P (s2) + P (d2) + P (p-shell) = 1. This sensitivity is
well understood and is reproduced quite well in potential-model
calculations. Here I brieﬂy summarize the evidence for the various
values of P (s2) in the relevant nuclei.
Shell-model calculations [4] for 16C had 53% s2 in the (sd)2 g.s.
wave function. In that work the 2+ and 4+ states contained small
amounts of conﬁgurations involving the d3/2 orbital, but this or-
bital was omitted for the 0+ states. Including it reduces P (s2) to
0.46 for 16C(g.s.). An analysis [12] requiring consistency of energies
in the A = 15 isospin quartet and the A = 16 quintet resulted in a
value of P (s2) = 0.43(4)—in good agreement.
The amount of (sd)2 in 14C(g.s.) was estimated by comparing
cross sections for the 12C(t, p) reaction populating the g.s. and
excited 0+ state of 14C. Analyzing the cross-section ratio in a two-
state model produced an estimate of 12(3)% for this admixture [9].
In the (sd)2 shell-model calculations [4], the s2/d2 ratio was virtu-
ally identical for 16C(g.s.) and the lowest (sd)2 0+ state in 14C. So,
we take P (s2) = 0.055 (= 0.12 × 0.46) for 14C(g.s.).
In 12Be, the generally accepted wave function has P (s2) = 0.53,
P (d2) = 0.15, and P (p-shell) = 0.32. Many processes involving the
ﬁrst two 0+ states of 12Be are consistent with calculations using
this wave function for the g.s. and the orthonormal one for the
excited 0+ state. This situation has recently been summarized [13].
For 18O, wave functions for several states were derived [1] from
a variety of experiments—primarily one- and two-nucleon transfer
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Separation energies (MeV) and s2 parentages for selected nuclei.
Nucl. S2na P (s2) Mirror S2p (exp)a S2p (calc)
18O 12.189 0.19b 18Ne 4.523 4.524
17N 8.374(15) 0.24c 17Ne 0.933 0.939
16C 5.468(4) 0.46d 16Ne −1.411(20) −1.412
14C 13.123 0.055e 14O 6.57 6.575
13B 8.248 (0.21) 13O 2.114(10) 2.110
12Be 3.674(4) 0.53f 12O −1.771(18) −1.765
15B 3.741(22) ?? 15Ne Unknown See text
a Ref. [16]. Uncertainty is listed if it is greater than 2 keV.
b Ref. [1].
c Ref. [15].
d Ref. [4], adjusted for small (d3/2)2 component.
e Ref. [9].
f Ref. [13], and references therein.
Fig. 1. For several N = 8,10 nuclei and their Z = 8,10 mirrors, the quantity Diff′ is
plotted vs. P (s2), where Diff′ = (S2n − S2p)A1/3/Z< .
and B(E2) strengths. That analysis provided a value of P (s2) = 0.19
for 18O(g.s.). The MED was not considered in that analysis, but
a later treatment [6] gave excellent agreement in MED’s for nine
positive-parity states in 18O/18Ne. These wave functions also pro-
vided good agreement with results of the 16O(t, p) reaction [14].
For 17Ne, several different estimates were all in the range 0.22–
0.28. The (sd)2 shell-model calculations [5] gave P (s2) = 0.28, but
with d3/2 not included. Allowing a (d3/2)2 component reduces this
value to 0.25. The most recent value for 17N(g.s.) is P (s2) = 0.24(3)
[15].
All these s2 parentages are listed in Table 1, along with the
2n separation energies [16] for these N = 8,10 nuclei and S2p for
their Z = 8,10 mirrors [16]. Whenever the uncertainty is greater
than 2 keV, I list it. For 12O, I have used the compiled [16]
mass excess of 32.048(19) MeV, rather than the recent value of
31.914(24) from Jager et al. [17].
I seek a simple relationship among these energies. To that end,
I assume that S2n − S2p = [ f (S2n, P (s2))]Z</A1/3. Here, A is the
mass number and Z< is the proton number of the core (6 or 8 in
the present analysis). I have plotted Diff′ = (S2n − S2p)A1/3/Z<
vs. P (s2) in Fig. 1. The smooth trend is obvious, and the N, Z = 8
and 10 values agree. The principal features of the function f can
be discerned by comparing nuclei with about the same value of
P (s2) (say 18O and 17N), but quite different S2n, and then com-
paring these with another pair with much larger P (s2) (say 16C,
12Be). A linear ﬁt in P (s2) gives quite reasonable agreement. But
adding the possibility of a slight dependence on S2n improves the
ﬁt.Including ﬁve nuclei (18O, 17N, 16C, 14C, and 12Be) in the ﬁt,
and assuming f = C + aS2n − bP (s2), produces agreement with
experimental values with a root-mean-square (rms) deviation of
4 keV (better than the experimental uncertainties in some cases).
There is some inter-dependency of parameters a and b, but the
best ﬁt has C = 2.373(9) MeV, a = 0.0228(7) (dimensionless), and
b = 0.724(6) MeV. Results of the ﬁt for these and other nearby
nuclei are also included in the table. If I apply the ﬁt parameters
from the other nuclei to 13B/13O, I can deduce P (s2) for that pair.
The result is 0.21. Using a mixture of (sd)2 and p-shell for the last
two neutrons in 13B(g.s.), we earlier estimated [18] the mixing by
considering the neutron width of the low-lying 1+ state in 14B.
With the experimental width of 49(2) keV reported by Aoi et al.
[19], our estimate of the (sd)2 component was 0.32(2). In 14, 16C,
the s2/d2 ratio is about 1/1, while in 12Be it is larger than 3/1. The
two sets of results for 13B are consistent if s2/(s2 + d2) is greater
than or about 0.7.
We now wish to estimate the g.s. mass of the unbound nucleus
15Ne, using the known mass of 15B. Because S2n for 15B and 12Be
are very similar, the 15Ne prediction does not involve an extrapo-
lation, and is thus likely to be reasonably robust. The s2 parentage
is not well known in 15B, but one estimate is that it is large.
Sauvan et al. [20] measured longitudinal and transverse momen-
tum distributions in 15B breakup and concluded that 15B(g.s.) has a
“signiﬁcant ν(s1/2)2 admixture”. It seems reasonable that the value
of P (s2) in 15B should lie in the range deﬁned by 16C and 14Be,
both of which also have N = 10. Our value for 16C is 0.46, and one
estimate for 14Be is 0.86 [21]. (Labiche et al. [21] detected 12Be
+ n + n from 14Be breakup and concluded “a signiﬁcant ν(s1/2)2
admixture is present in 14Be”. They compared with two earlier
wave functions [22], one with 86% s2, 10% d2, the other having
29% s2, 67% d2, and stated they favor the former.) This is a very
wide range. I give S2p predictions for 15Ne for P (s2) = 0.66(10).
If this quantity is ever determined, it is a simple matter to revise
the prediction. The result is S2p (15Ne) = −2.68(24) MeV for P (s2)
= 0.66(10). With the mass excess of 23.115(10) MeV [16] for 13O,
this value of S2p corresponds to a mass excess of ME (15Ne) =
40.37(24) MeV.
To summarize: for ﬁve nuclei with N = 8 or 10 and their mir-
rors having Z = 8 or 10, the mirror energy differences agree well
with a simple model, in which these differences depend linearly
on S2n and P (s2) (times Z /A1/3, of course). With the ﬁt from these
ﬁve nuclei, the prediction for S2p of 15Ne is −2.68(24) MeV, using
P (s2) = 0.66(10).
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